The metastasis and recurrence rate, and the overall prognosis of colorectal cancer (crc) remain unsatisfactory. Filamin a (Flna), as an actin-binding protein, can interact with various signaling molecules and membrane receptors to affect cell signal transduction and function. However, whether Flna is involved in the progression of crc remains to be elucidated. The aim of the present study was to explore the role of Flna in crc cell proliferation and migration, as well as in the regulation of epidermal growth factor receptor (eGFr) signaling. Following transfection with a Flna-targeting short hairpin rna plasmid to knockdown expression of Flna in the eGF-treated SW480 cell line, it was found that decreased expression of Flna promoted cell proliferation and migration. additionally, there was a negative correlation between Flna levels and the activation of eGFr and akt signaling pathways. Similarly, the expression of FLNa was significantly lower in human crc tissues compared with adjacent normal tissues and Flna expression was negatively correlated with the expression of Ki-67 in human crc tissues. although there was no significant difference in the Kaplan-Meier estimate of crc between high expression and low expression of Flna, there were significant negative associations between FLNa expression and TnM stage. The results suggested that Flna may participate in eGF-induced cell proliferation and migration in crc cells. Hence, interventions in the Flna-mediated signaling pathway could provide attractive therapeutic targets for crc.
Introduction
colorectal cancer (crc) is the third-leading cause of cancer mortality in most countries, and there were an estimated 134,490 new cases and 49,190 deaths in the united States in 2015 (1, 2) . although the mortality rate from crc has declined by 3% over the past decade, 30-40% of crc patients still develop metastases and 50% die of crc recurrence (3) . crc, which is associated with poor prognosis, is usually diagnosed at a late stage (4) (5) (6) (7) . critical cancer hallmarks include the ability of tumor cells to invade and migrate to distant tissues and to exhibit enhanced cell proliferation (8) ; therefore, elucidation of these cancer-promoting mechanisms may lead to drug discoveries for novel therapies and subsequent improvement of survival rates of crc patients.
Filamins (Flns), a family of actin-binding proteins, comprise Flna, Flnb and Flnc. Flna, also known as filamin-A, was identified in macrophages in 1975 and was originally characterized as a protein that could cross-link actin filaments and form rigid gels (9) (10) (11) . Its contribution to the formation of the actin cytoskeleton serves a vital role in responses to extracellular stimulation. The function of Flna has been revealed in studies that have collectively identified over 90 filamin-binding proteins that are involved in cell migration, cell adhesion, phosphorylation, cell signaling, receptor activation and other important cellular functions (12) .
The cross-linking structure of Flna accompanies extracellular signals to the cellular cytoskeleton. Flna forms a homodimer and interacts with cortical actin to form a dynamic three-dimensional structure (13) . By interacting with transmembrane receptor complexes, adaptor molecules and second messengers, Flna regulates signaling events involved in cell motility. The molecular function of Flna in cell chemotaxis remains debatable and seems to vary according to the levels of Flna and its interacting partners (14) . abnormal expression of Flna is associated with a wide spectrum of human disorders (15-17) that are caused by abnormal interactions between Flna and its corresponding partners (18, 19) . Zhu et al (20) considered that Flna regulated the activation of epidermal growth factor receptor (eGFr) in human melanoma cells. epidermal growth factor receptor (eGFr) is a tyrosine kinase receptor, also known as erbB1. eGFr is the prototype of the erbB family and is expressed in nearly all epithelial tissues (21, 22) . eGFr is a major regulator of cell proliferation, metabolism, survival and motility (23); its inappropriate activation has an important role in several types of cancer (24) . ligands that activate eGFr lead to receptor tyrosine kinase autophosphorylation and activate several important signaling molecules, such as those within raS/raF/mitogen-activated protein kinase kinase (MeK)/erK and Pi3K/akt pathways (25-28); eGFr subsequently transmits signals through these pathways (29) .
The present study measured the proliferative and migratory abilities of the SW480 cell line after experimentally silencing Flna expression. Then, the effects of Flna silencing on the activation of eGFr and related signaling molecules were explored. Finally, the relationship between Flna expression and the clinical pathology of crc patients was determined using immunohistochemical analysis.
Materials and methods
Cell culture. The crc cell line, SW480, was cultured in rPMi 1640 medium containing 10% fetal bovine serum (FBS) in a 5% co 2 incubator at 37˚C. SW480 cells were obtained from columbia university as a gift; rPMi 1640 medium was purchased from Gibco (Thermo Fisher Scientific, Inc.); FBS was purchased from Hyclone (Ge Healthcare life Sciences).
Transfection of short hairpin (sh)RNA plasmids. crc SW480 cells were seeded at a density of 4x10 5 /ml, cultured for 24 h, transfected with pSiF1-Flna shrna (SW480/Kd group; 5'-GTG aca cTT Gcc Tcc cca ccc ccc a[G/a] Gcc TGa TGG TGa aac cGG aGT TTc c-3') or control shrna (SW480/ctrl group; 5'-GTG acT aTG GaG TGa Gca TTG GGG T[G/a] cTT Tac GGG Tca aTG GcG acT TTc c-3; both Thermo Fisher Scientific, inc.) containing pSiF1 plasmids (2 µg; from our laboratory) was used for transfection using lipofectamine ® 2000 reagent (invitrogen; Thermo Fisher Scientific, Inc.), and selected with puromycin (2 µg/ml) for 4 weeks. Protein expression was examined by western blot analysis as detailed below.
MTS assay. SW480/Kd and SW480/ctrl cells were placed in separate 96-well plates (5x10 3 /well). after starvation with serum-free 1640 medium (SFM) for 2 h, the cells were treated with various concentrations (0, 4, 20 and 100 nM) of eGF (Miltenyi Biotec GmbH); after 48 h incubation, cell viability was determined using MTS tetrazolium substrate (cell Titer 96 aqueous one Solution cell Proliferation assay; Promega corporation). Subsequently, a spectrophotometer (Thermo Fisher Scientific, inc.) was used to determine the optical density at 490 nm as previously described (30) .
Wound healing assay. SW480/Kd and SW480/ctrl cells were starved for 4 h with SFM and were then scratched with 10 µl pipette tips and washed with PBS to remove the floating cells.
Subsequently, the two groups were untreated or treated with 20 nM EGF for 24 h. An inverted microscope (magnification x10) was used to assess the width of the scratch; images of the same field were captured every 8 h (31) .
Transwell assay. after 4 h of starvation with SFM, SW480/Kd and SW480/ctrl cells were seeded in the top chamber (0.4 µm polycarbonate-membrane inserts) with a concentration of 10 6 cells per 200 µl in SFM. The bottom chamber was filled with 600 µl of rPMi 1640/10% FBS medium. cells were allowed to migrate for 24 h (untreated or treated with 20 nM eGF). non-migratory cells on the upper surface were then removed using a wet cotton swab. The migrated cells on the surface of the lower membrane were stained by H&e and counted under a light microscope (magnification x200; Olympus Corporation) in 5 random fields to obtain the average number (32) .
Western blotting. SW480 cells were treated with or without eGF (20 nM) for 5, 10 and 30 min and then lysed with cold lysis buffer (Amyjet Scientific, Inc,). The protein concentration was quantified using a bicinchoninic acid assay kit. Proteins (20 µg/lane) were separated via 10% SdS-PaGe and were transferred onto polyvinylidene difluoride membranes. Subsequently, PVdF membranes were blocked with 3% bovine serum albumin (Thermo Fisher Scientific, Inc.) at room temperature for 2 h and then were incubated with primary antibodies in 4˚C for 12 h, followed by incubation with secondary antibodies at 25˚C for 1.5 h and visualization with enhanced chemiluminescence reagent (Beyotime institute of Biotechnology). imageJ software (v1.52; national institutes of Health) was used to quantity proteins. Primary antibodies included the following: rabbit anti-Flna antibody (1:1,000; cat. no. MaB1680; eMd Millipore), rabbit anti-eGFr antibody (1:1,000; cat. no. 18986-1-aP; ProteinTech Group, inc.), rabbit anti-phosphorylated (p-)eGFr antibody (Tyr1068; 1:2,000; cat. no. 3777; cell Signaling Technology, inc.), rabbit anti-akt antibody (1:1,000; cat. no. 10176-2-aP; ProteinTech Group, inc.), rabbit anti-p-akt antibody (Ser473; 1:1,000; cat. no. 66444-1-ig; ProteinTech Group, inc.), rabbit anti-erK1/2 antibody (1:4,000; cat. no. 16443-1-aP; ProteinTech Group, inc.), rabbit anti-p-erK1/2 antibody (Thr202/Tyr204; 1:3,000; cat. no. 4370, cell Signaling Technology.) and mouse anti-β-actin antibody (1:5,000; cat. no. 60008-1-ig; ProteinTech Group, inc.). Horseradish peroxidase (HrP)-conjugated anti-mouse igG (1:5,000; cat. no. 7076) and anti-rabbit igG (1:5,000; cat. no. 7074; both cell Signaling Technology) secondary antibodies were used.
Xenograft experiments in vivo. a total of 20 BalB/c male nude mice (age, 6-8 weeks; weight, 15.3-18.2 g) were purchased from the experimental animal center of Hebei Medical university. Mice were housed at 20-26˚C and 40-60% humidity under a 12:12 h light/dark cycle, with access to food and water ad libitum. The present study was approved by the laboratory animal ethical committee of the Fourth Hospital of Hebei Medical university. Xenograft experiments were performed as previously described (33) . cells (2x10 6 ) suspended in Hank's balanced salt solution (Hyclone; Ge Healthcare life Sciences) were injected in the right thigh. after 2 weeks, this experiment was ended. The isolated solid tumors were measured for size, weight and volume.
Patients and specimens. a total of 82 patients with crc (51.1±15.9 years old; range, 42-74 years), who were admitted to the general surgery department at the 980th Hospital of the Pla Joint logistics Support Force between november 2015 and May 2016, were included in the present study. all subjects provided written informed consent. colorectal cancer tissues were obtained from the 980th Hospital of the Pla Joint logistics Support Force (Bethune international Peace Hospital) with the approval of the Hospital ethics committee and were used according to ethical procedures.
Immunohistochemical (IHC) staining. immunohistochemical staining was conducted to determine the protein expression of Flna and Ki-67 by using of a diaminobenzidine kit (oriGene Technologies, inc.) according to the manufacturer's instructions. Tissues were fixed with 4% paraformaldehyde at room temperature for 48 h, embedded in paraffin and sectioned (5 µm). Briefly, after microwave-antigen retrieval, endogenous peroxidase activity was inhibited by incubation with 3% H 2 o 2 . Sections were blocked with 5% goat serum (absin Bioscience, inc.) at room temperature for 40 min, then incubated overnight at 4˚C with a polyclonal rabbit anti-Ki-67 antibody (1:100; cat. no. 27309-1-aP; ProteinTech Group, inc.) or anti-Flna antibody (1:100; cat. no. 67133-1-ig; ProteinTech Group, inc.). after washing with PBS, the sections were incubated with a secondary antibody at 37˚C for 30 min [HRP-conjugated goat anti-mouse igG (1:1,000; cat. no. Sa00001-1) and goat anti-rabbit igG (1:1,000; cat. no. Sa00001-2), both ProteinTech Group, inc.]. Sections were counterstained with hematoxylin and eosin at room temperature for 4 min to visualize nuclei. Five different fields were randomly selected per sample. images were acquired using a leica microscope (magnification x100; leica dM6000B; leica Microsystems GmbH) and were digitized with laS version 4.4 (leica Microsystems GmbH). The thresholds for dichotomizing Flna iHc were set to the medians for each measurement.
Statistical analysis. all data are reported as mean ± standard deviation. all statistics and graphs were obtained using GraphPad Prism 5 (GraphPad Software, inc.); SPSS 19.0 software (iBM corp.) was used for Kaplan-Meier plots and anoVa. cell viability, cell number, band density and gene expression were analyzed by anoVa followed by Bonferroni post hoc test when making comparisons in datasets containing multiple groups. Spearman's test was used for the correlation analysis of Flna and Ki67. The maximal log-rank method was used for optimal cut-point determination and adjusted P-values. cut-points within the central 80% of ordered Flna protein expression were considered. P<0.05 was considered to indicate a statistically significant difference.
Results

FLNa knockdown accelerates EGF-induced cell proliferation and migration in SW480 cells. To elucidate the role of Flna in colon carcinoma cells, eGF-treated SW480 cells were transfected with shFlna to knockdown Flna expression.
The efficacy of the knockdown was confirmed via western blotting. FLNa expression was significantly downregulated in the SW480/Kd group (0.48±0.01) compared with that of the SW480/ctrl group (1.13±0.03; P<0.01; Fig. 1a ). a cell viability assay demonstrated that Flna knockdown promoted eGF-induced cell proliferation in a dose-dependent manner in the SW480/Kd group (P<0.01; Fig. 1B) . cell scratch migration assays demonstrated that FLNa knockdown significantly accelerated cell migration rates, and this effect was independent of eGF treatment ( Fig. 1c and d) . a Transwell assay also indicated that the number of migrated cells in the SW480/Kd group was greater compared with the SW480/ctrl group (76±3 vs. 21±5; P<0.05) and the migration ability was even further increased in the SW480/Kd group compared with those in the eGF-treatment group (Fig. 1e and F) .
Effects of FLNa on EGFR phosphorylation in CRC cells.
Because the activation of eGFr, akt and erK signaling is required for cell proliferation and migration (34) , the effect of shrna-mediated Flna knockdown on eGF-stimulated SW480 cells was evaluated via western blotting. The protein expression levels of eGFr, akt and erK, and their activated phosphorylated forms, were detected in SW480/Kd and SW480/ctrl cells treated with eGF for 0, 5, 10 and 30 min. Flna expression in the SW480/KD group was significantly decreased at every tested time point compared with the SW480/ctrl group ( Fig. 2a and B ). Furthermore, Flna knockdown significantly increased the p-EGFR/eGFr (Fig. 2c) , p-akt/akt (Fig. 2d ) and p-erK/erK ( Fig. 2e ) protein ratios compared with the control (P<0.01), indicating that Flna knockdown activated the eGFr, akt and erK signaling pathways. These data suggested that Flna regulated cell proliferation and migration via eGFr, akt and erK signaling in colon carcinoma cells.
FLNa silencing promotes SW480 cell growth in vivo.
To further confirm the oncogenic efficiency of Flna knockdown, SW480/Kd or SW480/ctrl were subcutaneously inoculated into the left flank (SW480/KD) and right flank (SW480/ctrl in nude mice, respectively; n=8). after 14 days, the tumors were larger in the SW480/Kd group compared with the SW480/ctrl group (0.613±0.114 vs. 0.378±0.068 cm 3 , P<0.05; Fig. 3a and B ). in addition, the tumor weight at the end of the experiment was increased in the SW480/Kd group (0.512±0.031 g) compared with the SW480/ctrl group (0.371±0.044 g; P<0.05; Fig. 3C ). Western blotting confirmed that the Flna levels were significantly decreased in the SW480/Kd tumor tissues compared with those in the control (Fig. 3d ). These results further indicated that Flna knockdown accelerated crc tumor growth.
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Expression of FLNa in CRC tissues from patients and correlation with
Ki-67 expression. The characteristics of the 82 crc patients (median, 51.1±15.7 years; range, 42-74 years old) enrolled in the present study are listed in Table i . The expression levels of FLNa exhibited a significant association with TNM stage and lymph node metastasis in crc, but not with gender, age, diameter of tumor, or degree of differentiation (Table i) .
representative photographs of hematoxylin and eosin and immunohistochemical staining for Flna and Ki-67 in adjacent normal tissues and crc tissues ( Fig. 4a and B ) revealed significantly higher expression of Ki-67 and lower expression of Flna in crc tissues compared with adjacent normal tissues (P<0.05; Fig. 4C ). FLNa expression had a significant negative correlation with Ki-67 expression (Table ii) , which may explain how Flna knockdown promoted tumor growth. By contrast, low expression of FLNa did not influence the overall survival time for the patients with crc, as evidenced by Kaplan-Meier survival analysis (Fig. 4d ). 
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Discussion
as a large cytoplasmic protein, Flna mainly crosslinks actin filaments, membrane receptors and signaling intermediates (35) . The specific role of FLNa in cancer metastasis has remained elusive. Through MTS, wound healing and Transwell assays in the present study, it was identified that Flna knockdown increased the proliferative and migratory abilities of crc cells in vitro. in addition, Flna knockdown was demonstrated to promote tumor growth in vivo. These findings are in accord with an earlier report on breast cancer cells that overexpressed erbB2, in which knockdown of Flna promoted division and metastasis of tumor cells (36) . crc cells invade and metastasize to distant sites and these phenomena are accompanied by aberrant activation of cell signaling (37) . A number of studies have reported filamin structures and filamin-binding proteins that are involved in cell signaling and other important cellular functions. For example, Flna is involved in the organization of the actin network (10, 38) , acts as a 'molecular switch' to convert mechanical stimuli to chemical signals (39) . These multiple interactions suggest that Flna is a key component of a variable signaling-scaffold complex (10) . in addition, eGFr is an actin-binding protein and has become an indispensable molecular target for cancer therapy. eGFr is activated by certain ligands (such as eGF) and provokes various cellular signaling events resulting in increased cell proliferation, invasion and metastasis (29) . eGFr carries out these functions through activating multiple signaling cascades, including raS/raF/MeK/erK and Pi3K/akt pathways (40) . The present study demonstrated that the phosphorylation levels of EGFR, ERK and Akt were significantly increased in the Flna-knockdown group compared with the control, whereas no difference was observed in the total eGFr, erK and akt expression levels between these two groups. The present results indicated that lower expression of Flna promoted the proliferative and migratory ability of crc cells by activating eGFr and its downstream signaling proteins. under certain circumstances, this aberrantly activated pathway may lead to abnormal cell growth and invasion, which could subsequently result in drug resistance or metastasis to distant sites (41) . an important limitation of the present study was that only one cell line was used; therefore, future studies are required to confirm the findings of the present study by using additional cell lines.
accumulating evidence suggests that Flna participates in the development of multiple tumors. Xu et al (42) demonstrated that Flna regulates focal-adhesion disassembly and inhibits breast cancer cell migration and invasion. a previous study showed that there is a positive relationship between Flna and VeGF in patients with lung cancer (43) . However, a separate study emphasized that Flna interacting with other proteins inhibits crc progression (44) , indicating that Flna may represent a novel cancer-suppressor gene for treating colorectal adenocarcinoma. Thus, the current literature suggests a dual role for Flna and complex underlying mechanisms in various types of cancer. The present study found that Flna knockdown correlated with TnM stage and lymph node metastasis in patients with crc, which is in accordance with a previous study on gastric cancer (45). a possible mechanism for the downregulation of the Flna gene in crc cells may be mutagenesis.
notably, Flna expression was demonstrated to be negatively correlated with the expression of Ki-67, which is a reliable index of cancer progression. The present data suggested that Flna may have protective roles as a negative regulator in crc SW480 cells by promoting proliferation via the activation of many signaling pathways. Hence, Flna may represent a novel prognostic marker and therapeutic target for treating crc.
